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Abstract 
A COMPUTATIONAL STUDY OF AXIAL COMPRESSOR ROTOR CASING 
TREATMENTS AND STATOR LAND SEALS 
By Charles C. Cates, M.S.M.E. 
A thesis submitted in partial fulfillment of the requirements for the degree of Master of 
Science in Mechanical Engineering at Virginia Commonwealth University. 
Virginia Commonwealth University, 2006 
Major Director: James T. McLeskey, Jr., Ph.D. 
Department of Mechanical Engineering 
As fuel prices soar ever higher, aircraft manufacturers and their airline customers 
demand that the next generation of engines used on their aircraft push the limits of 
efficiency and capability. This study consists of a computational examination of two 
currently accepted methods of axial compressor performance improvement in terms of 
surge margin and efficiency, rotor casing treatments and stator land seals. 
ADPAC and Fluent CFD solvers were used in the analysis of circumferential 
groove casing treatments and two types of stator seals, one typical of a fiont stage stator 
and one typical of a rear stage stator. The computational solutions and visualizations 
allowed for greater understanding of the complex flows inherent in each of these features. 
It was found that rotor tip vortex control plays a large part in the surge margin gains from 
a circumferential groove casing treatment. The efficiency gains of knife seals were 
dependent primarily on the gap size of the seals. 
Chapter 1. 
1.1 Motivation 
INTRODUCTION 
With the recent introduction of high-efficiency airliners such as the Boeing 787 
and the Airbus A380, greater pressure has been placed on engine manufacturers to 
produce engines with both higher peak efficiency and higher peak performance. For 
example, Boeing claims that when the 787 is first flown in 2007, it will use 15 to 20 
percent less fuel on a per-passenger basis than other current products in the 200 to 250- 
passenger range. They expect that approximately half of that fuel economy boost will 
come from gains in engine efficiency alone [I]. Likewise, Airbus cites 13% lower fuel 
burn than its closest competitor to the A380, with the fuel economy expected to be 95 
miles per gallon per passenger. The A380 is also expected cany 35% more passengers at 
a 15% lower seat cost per mile with the noise level at take-off only half that of its current 
closest competitor [2]. 
Aircraft manufacturers and their airline customers want their aircraft to be able to 
"fly higher, faster, farther, cleaner, quieter, and more efficiently" than ever before. All of 
those qualifications relate directly to the performance of their gas turbine engines. To 
design an engine with such demanding expectations requires outstanding predictive 
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